O ut-of-hospital cardiac arrest (OHCA) is a global public health issue. Each year there are ≈28 000 emergency medical services-treated OHCA in England and ≈330 000 emergency medical services-attended OHCA in the United States.
Trends in Outcomes Following OHCA reduces mortality. 7, 8 The management of patients without STE, however, is controversial, with an emphasis placed on prior rule out of noncoronary causes. 8 Randomized data are lacking and the benefit of early reperfusion therapy remains debated. This has led to a variable uptake of such a strategy among the interventional cardiology community. The Myocardial Ischaemia National Audit Project (MINAP) database is a noncommercially funded national registry of all hospital admissions treated as ACS in England and Wales, established to examine the quality of management of hospitals providing acute cardiac care. 9 The strengths of this registry include its size and national reach. This database selectively captures OHCAs that are admitted to hospital with a final diagnosis of ACS and does not encompass all OHCA admissions to hospital. Therefore, the aim of this study was to examine the temporal trends, over a 5-year period, of OHCAs identified by the MINAP registry, admitted to hospital and treated as ACS, the interventional management of these patients and clinical outcomes.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure without prior approval for release of patient-identifiable data from the National Institute of Clinical Outcomes Research.
The MINAP registry consists of 123 core data points, including cardiovascular risk factors, occurrence of cardiac arrest, postresuscitation therapies including CA and percutaneous coronary intervention (PCI), and outcomes including in-hospital mortality and neurological outcome; these data points have been published previously. 10 Of the 123 separate fields, 49 data sets were extracted and examined (Tables I through V in the Data Supplement). These clinical audit data are a valuable resource and missing values are inevitable when large volumes of data are collected and have the potential to bias or reduce the efficiency of statistical estimators if they are not treated appropriately. Thus, we performed multiple imputations to deal with these missing data. Patients are identified at the individual hospital level and data entry, performed by trained personnel, undergoes annual validation through reaudit. MINAP has approval from the Patient Information Advisory Group to use patient-identifiable information without individual patient consent. MINAP approved this current registry-based project and data analyses were performed at King's College London, St Thomas' Hospital, United Kingdom with the support of London School of Hygiene and Tropical Medicine Clinical Trials Unit, United Kingdom.
Study Population and Outcomes Reported
For the purposes of this study, fully anonymized data were retrospectively extracted from the MINAP data set of hospitals in England and Wales accepting admissions between January 2009 and July 2013. ACS was categorized as ST-segment-elevation myocardial infarction or non-ST-segment-elevation myocardial infarction based on biomarker and electrocardiographic criteria. OHCA was defined as cardiac arrest before arrival at the hospital. Procedural intervention was classed as no coronary angiogram, coronary angiogram alone, and coronary angiogram+PCI. Inhospital mortality is defined as patient death in-hospital. Life status is tracked by MINAP through linkage with the Office of National Statistics using the unique National Health Service identifier (number), thus represents in-hospital mortality and subsequent mortality after discharge.
Statistical Analysis
Categorical data were presented as counts and percentages, and comparison between groups performed using χ 2 test; numeric data were presented as mean±SD, and analysis performed using 1-way ANOVA. The temporal trends in identification of OHCA, followed by distribution of baseline characteristics (male gender, presence of STE, previous MI, previous angina, hypertension, hypercholesterolemia, peripheral vascular disease, cerebrovascular disease, chronic renal failure, heart failure, smoking history, diabetes mellitus, previous PCI, previous coronary artery bypass graft surgery, family history, presenting rhythm of pulseless ventricular tachycardia/ventricular fibrillation [VT/VF] and age >75), the rate of procedural intervention, in-hospital mortality, and good neurological outcome (defined as cerebral performance category 1 or 2 at discharge) of the ACS cohort presenting with OHCA were examined. For trend analysis, year-onyear we used the Cochran-Armitage test for trend to test for linear relationships between categorical variables. To determine independent predictors for in-hospital mortality and the odds of undergoing procedural intervention (CA±PCI), multivariable-adjusted logistic regression models were used to generate odds ratios (ORs). To limit the number of variables for the final multivariable models, stepwise regression was performed using the above covariates (entry criteria P<0.05, exit criteria P>0.1); significant variables were used in the final model. Final model selection was performed using multiple imputations (fully conditional specification, SPSS v24.0 [IBM Corp]) to impute missing data on baseline covariates by chained equations to create 5 multiply imputed data sets to maximize statistical power (missing values and multiple imputation methodology is reported in Methods in the Data Supplement). The variables used in the final model of the odds of undergoing CA±PCI were gender, STE, previous MI, previous angina, hypertension, hypercholesterolemia, peripheral vascular disease, cerebrovascular disease, chronic renal failure, heart failure, smoking history, diabetes mellitus, previous PCI, previous coronary artery bypass graft surgery, family history, VT/VF, and age>75. The variables used in the final model for in-hospital mortality were as for the previous model with the addition of CA±PCI. No significant collinearity was demonstrated. Because of the large proportion of missing data, complete case analysis was performed in parallel, these results were compared with those of multiply imputed data to increase the robustness of our conclusions (Methods in the Data Supplement). Time to event analysis was performed using
WHAT IS KNOWN
• There is wide variation in survival rates from out-ofhospital cardiac arrest and overall survival remains poor.
• There is an expert consensus that early reperfusion therapy in ST-elevation reduces mortality.
• The management of patients without ST-elevation, however, is controversial.
WHAT THE STUDY ADDS
• We demonstrate that over a 5-year period the rate of coronary angiogram+percutaneous coronary intervention increased after out-of-hospital cardiac arrest and was associated with favorable outcome in patients with and without ST-elevation; however, predictors of favorable outcome were synonymous with the selection criteria for patients undergoing coronary angiogram±percutaneous coronary intervention.
• These data support the need for a randomized controlled trial.
Kaplan-Meier curves, Cox proportional hazard analyses model was performed to generate (1) time-varying hazard ratio (HR) for <30 days and >30 days and (2) time-varying exposure to CA (to account for survival bias) using time-varying covariate of transition time to coronary angiogram. All P values were 2-sided with a significance threshold P<0.05. Statistical analysis was performed using SPSS v24.0 (IBM Corp).
Results
Trends in Incidence of ACS Presenting As OHCA Figure 1 We then examined the temporal trends in baseline characteristics of patients selected to undergo CA±PCI within the OHCA subgroup of ACS patients (CA±PCI; 7722/9421) over the 5-year period ( the 5-year cohort of ACS patients presenting with OHCA (9421), an overall comparison of baseline characteristics was made between the groups of patients selected to undergo CA alone (1964/9421), CA+PCI (5758/9421) and patients who did not undergo a coronary angiogram (1699/9421); these are presented in Table 3 .
Baseline Characteristics of Identified Cases of OHCA
Multivariable logistic regression analysis of the patients identified in-hospital with a discharge diagnosis of ACS who presented with OHCA (n=9421) was performed to determine the odds of undergoing (1) CA±PCI and (2) CA+PCI in this cohort ( (Table 4) .
Trends in Clinical Outcomes
Length of stay was also examined in the overall cohort of ACS patients presenting with OHCA. Median length of stay was 5 days (interquartile range, 2-11) and the maximum length of stay was 388 days. In patients identified with a discharge diagnosis of ACS who presented with OHCA (n=9421), overall in-hospital mortality was 29.2% (2753/9421). In patients identified with a discharge diagnosis of ACS who presented with OHCA (n=9421), we compared clinical outcomes in patients who underwent a coronary procedure with those who did not. (Table 5) .
In patients identified with a discharge diagnosis of ACS who presented with OHCA, we compared neurological outcomes between patients who underwent a coronary procedure with those who did not (n=9421). This was further divided into no procedure (1699) 
Discussion
In this large, 5-year, retrospective observational study, examining patients identified in-hospital with a final diagnosis of ACS, with a specific focus on those presenting with OHCA, the main findings were as follows (1) 5) Overall in-hospital mortality was significantly lower and neurological outcome better in patients selected to undergo CA+PCI from the ACS cohort presenting with OHCA (both STE and non-STE patients). (6) Over the 5-year period, the rate of good neurological outcome in the CA+PCI cohort remained unchanged.
The MINAP registry was established with the intention of capturing all patients admitted to hospital, diagnosed with and treated as ACS. MINAP is a hospital-based ACS registry completed by cardiology personnel, thus will not capture all patients resuscitated from cardiac arrest and admitted to hospital. As part of a focus on improving care, the Department of Health for England introduced survival from cardiac arrest as part of the Ambulance Service National Quality Indicators from 2011 onwards. This provides data from 2011 to 2013, on the number of patients surviving to the hospital with return of spontaneous circulation (5910 in 2011, 7662 in 2012, and A comparison of the baseline characteristics of all patients selected to undergo a coronary procedure with those who were not, from the 5-year cohort of acute coronary syndrome (ACS) patients presenting with out-of-hospital cardiac arrest (OHCA; 9421). This is subdivided into groups (1) no coronary angiogram (CA; 1191/9421); (2) CA only (1785/9421); and (3) CA+PCI (6445/9421). For clarification, see Figure 1 . Data are displayed as counts n/N and percentages (%), where n is the number of patients documented as having the presence of a baseline characteristic, N is the total number of patients in each cohort and % is the proportion. AMI indicates acute myocardial infarction; CABG, coronary artery bypass graft surgery; MINAP, Myocardial Ischaemia National Audit Project; and VT/VF, pulseless ventricular tachycardia/ ventricular fibrillation. *Unadjusted P<0.05. Trends in Outcomes Following OHCA 8033 in 2013). 11 Comparison of these data with MINAP data would suggest that MINAP captures approximately one-third of resuscitated cardiac arrest patients and admitted to hospital. Interestingly, the number of resuscitated cardiac arrests admitted to hospital increased yearly according to Ambulance Service data. Our study also demonstrated an increase in the number of OHCA patients diagnosed and treated as ACS over the 5-year period. This could, in part, reflect a shift in postcardiac arrest management, with a greater percentage of patients admitted and survived to hospital with OHCA who are investigated for and treated as ACS. However, this could also be attributable to improved case ascertainment in both prehospital and hospital-based audit systems.
Of patients identified in-hospital with a discharge diagnosis of ACS who presented with OHCA, the proportion of OHCA patients presenting with VT/VF per year within the in-hospital ACS cohort, remained unchanged. Comparison of these data with Ambulance Service National Quality Indicators demonstrate a similar picture, with the proportion of resuscitated cardiac arrests delivered to the hospital with a presenting rhythm of VT/VF also remaining unchanged. This is despite the overall decrease in the observed incidence of VT/VF arrest out-of-hospital. This could be explained by prehospital factors, which include the decision by the ambulance crews to perform resuscitation and a more favorable outcome in this cohort, thus patients surviving to hospital with return of spontaneous circulation. It could also partially be explained by selection bias whereby a cardiac arrest with presenting rhythm of VT/VF is thought more likely to be ischemic in origin, and thus more likely to be treated and diagnosed with ACS, and thus entered into the MINAP database.
Over the 5-year period, distribution of baseline characteristics of the OHCA patients captured within the MINAP registry and therefore diagnosed with ACS broadened to include patients without traditional risk factors for coronary disease. This and the observed increase in the proportion of OHCA patients receiving coronary intervention could reflect a more proactive approach both in England and internationally to postarrest care during this period, with increased recognition and emphasis placed on the benefits of specialist cardiac care to manage ensuing cardiovascular dysfunction and treatment of the potential underlying cause through reperfusion. 12 This is in addition to the national increase in the use of PCI as the preferred reperfusion strategy.
This study identified well-established predictors of survival and good neurological outcome in OHCA including VT/ VF as the presenting rhythm. This has been shown in numerous observational studies. 6, 13, 14 Our study also showed that CA+PCI was associated with reduced in-hospital mortality after OHCA in patients with STE. CA+PCI was also associated with good neurological outcome and improved long-term survival. However, this study also showed that predictors of good outcome were synonymous with the selection criteria for patients undergoing CA±PCI, suggesting a degree of selection bias for CA toward patients believed to have characteristics associated with a more favorable outcome.
Over the 5-year period, in-hospital mortality increased in the OHCA cohort of ACS patients. However, the overall in-hospital mortality of those presenting with OHCA in Multivariable logistic regression analysis is demonstrating significant associations between categorical covariates and in-hospital mortality (n=9421). CA indicates coronary angiogram; PCI, percutaneous coronary intervention; and VT/VF, pulseless ventricular tachycardia/ventricular fibrillation. Trends in Outcomes Following OHCA the MINAP registry was shown to be much lower than the Ambulance Service National Quality Indicators would suggest, which is indicative of the selective nature of the data, with MINAP only capturing a proportion of all resuscitated cardiac arrests admitted to hospital. In OHCA patients who underwent CA+PCI, there was a slight but significant increase in in-hospital mortality, despite an increase in CA±PCI. This likely reflects a broadening of selection criteria for CA±PCI extending to higher risk patients.
The observational nature of these data makes it impossible to derive conclusions about causality. The data for CA±PCI in the non-STE OHCA cohort are conflicting. Although non-STE patients in this study appeared to fare better with CA±PCI, they remain an extremely heterogeneous cohort, with multiple possible causes for arrest including noncardiac causes, chronic coronary artery disease, and scar-induced arrhythmia. The non-STE patients in the MINAP registry were a select group, with a confirmed diagnosis of ACS, entered into the database retrospectively, thus these findings cannot be transferable to all non-STE patients. However, these data would suggest that regardless of postresuscitation ECG findings, patients with ACS as the cause of OHCA could benefit from CA±PCI. In the absence of STE following cardiac arrest, the ECG is less reliable in guiding diagnosis and a focus is placed on hemodynamic status and possible preceding symptoms before arrest. Recently published European Society of Cardiology guidelines recommend rule out of noncoronary causes before CA. 8 In the absence of convincing randomized data we are yet to determine the best postarrest strategy for these patients. Further investigation in the form of a randomized trial of routine invasive angiography and revascularization, where appropriate following OHCA is necessary. The key factor here is to identify which patients benefit from an early invasive strategy. The coordination of this however, is complex, and close interaction is necessary prehospital between centers and emergency services and internally between the emergency department, cardiologists, and the critical care unit. Several planned randomized control trials including PEARL (Early Coronary Angiography Versus Delayed Coronary Angiography; https://www.clinicaltrials.gov, unique identifier: NCT02387398) and ARREST (A Randomized Trial of Expedited Transfer to a Cardiac Arrest Center for Non-ST Elevation Out-of-Hospital Cardiac Arrest; http://www.isrctn.com, unique identifier: ISRCTN 96585404) will address the optimal postarrest pathway for these patients and if CA should be routinely performed in all patients with resuscitated arrest of presumed cardiac cause. 15 
Limitations
There are several limitations in this study that are inherent to retrospective database analysis that preclude conclusions with regard to causality. There was a large proportion of missing data, analyses of individuals with only full data sets can introduce bias thus multiple imputation analysis was performed. Multiple imputation works on the assumption that data are missing at random. Despite consistency in results in comparison with complete case analysis, and inclusion of a large number of variables in the MI model, we cannot confirm if the systematic differences between the missing values and the observed values can be explained by differences in observed data thus may be subject to bias. Therefore, the results of this study must be considered hypothesis generating, thus supporting the need for a randomized controlled trial in this cohort.
The MINAP database only captures patients with a discharge diagnosis of ACS, which is at most one-third of resuscitated cardiac arrests admitted to the hospital, thus conclusions are not transferable to the entire OHCA population. Furthermore, we cannot compare outcomes between patients with OHCA of the presumed cardiac cause who received acute cardiac care and those who did not. Because of the lack of randomized data, selection for coronary intervention is subjective, and we, therefore, cannot account for why individual 
